In this paper, we discuss the laundry folding system that we have developed. This system can take laundry off the hanger from laundry and fold laundry in automatically. After you take the laundry out of washing machine and put it on a hanger rack with the hanger, our system takes each hanger from the hanger rack, moreover detects whether the laundry is dry or not. If laundry is dry, hanger is removed from laundry. Thereafter laundry is folded by the device in the system. Therefore, all things that user have to do is only hanging washed laundry on a hanger. However, the prototype of the system could fold only a T-shirt. Hence we have improved the device of folding laundry. In this time, we have made the device fold some kinds of laundry; shirt, trouser, and skirt. As a result, the system has become able to fold some kind of laundry.
Introduction
Housework is one of tough jobs. Not only that, we must do it every day. We can't live comfortably without doing housework. In the case of a single life, you have to do that as well as your work. On the other hand, if you have a large family, amount of housework becomes enormous. There are a great number of household tasks such as cleaning the room, washing the dishes, and doing the washing (1) (2) . Previously, housework has been done manually. However, as a result of appearance of Dishwasher, Vacuum cleaner, and Washing machine, we can conveniently save trouble. Nevertheless, the machine which folds the laundry automatically has not prevailed among the ordinary homes. Even today, folding the laundry is a manual labor. In 2015, the laundry folding robot: "Laundroid" was developed by Seven Dreamers Laboratories, Inc., Panasonic Corporation, and Daiwa House Industry Co.,Ltd. Though the robot has ability to fold many kind of clothes, it takes approximately 10 minutes to fold one T-shirt, and it doesn't consider whether the laundry has already dried or not. Due to that, user should check whether the laundry is dry when he takes the laundry in. Folding laundry in automatically has been studied by some researcher (3) (4) .
However, the laundry is dried in the laundry dryer, so hanging the laundry to dry process is ignored in previous studies. When we take in account the percentage of households owning a laundry dryer, hanging out the laundry to dry is yet main means to dry the laundry (5) (6) . Addition to this, some clothes can't be dried in the laundry dryer because they shrink in the heat of the dryer. Also there are some attempts to keep a proper humidity of the room by hanging out the laundry to dry in the room to prevent the room from drying (7) (8) . If we hanged the laundry out, we have to detect whether the laundry is dried or not when we take the laundry in. After that, we have to remove the hanger from laundry to fold laundry. However, these processes of folding laundry are not much studied. From such background, we had developed the system to fold laundry that state hang out. The developed system could detect whether the laundry is dry or not. After detecting that the laundry is already dry, the system removes the hanger from the laundry and folds the laundry. It took time about 1 minute and 30 seconds to fold a laundry. However, the prototype of the system could fold only a T-shirt. Therefore, we had improved the folding laundry device to deal with some kinds of laundry.
Construction of System

System overall view and the operating procedure
The overall view of the system is shown in Fig. 1 Fig. 2 to hang laundry. We pinch the laundry to clothespins of the hanger. If the laundry has a sleeve such as a shirt, we hang the laundry to the hanger in normally. So, the sleeve is put through by the wings of the hanger. In Fig.  2 , the tip of the clothes pin is roller-like shape. The laundry that is pinched by the clothes pin can be taken easily by pulling the laundry or hanger. Also the hanger has special structure. Wings of the hanger are bent if the button of the hanger handle is pushed. Therefore, we can remove the hanger from laundry neckline.
Folding laundry device part is shown the left side in the Fig. 1 . This device is the main part of the system. It detects dryness of laundry, removes hanger from laundry, and folds laundry.
The behavior of the system is shown in Fig. 3 . By using motors and operating the respective device, these operations are realized. Also state of each device is detected by sensors and motors, and they are controlled by microcomputer. AC100V is used for the power supply of the system. It is converted to DC5V and DC12V by the power strip. The converted voltage is supplied to each device.
Improved laundry folding device
The system controls some device to fold laundry in automatically. The behaver of the system can roughly divide into two parts: carrying laundry process and folding laundry process. In carrying hanger process, the system makes the laundry moves from rotary hanger rack. Thereafter, the system removes hanger from laundry. Finally in this process, the laundry placed on the laundry folding device. After that, the system runs the folding process and controls laundry folding device. However, it device had some problem.
Therefore, we improved the folding laundry device as shown in Fig. 4 and Fig. 5 . Fig. 4 is previous device in our study. This device could fold laundry. However, it could only fold in two as for the longitudinal of laundry. Addition to this, the device size is too small to fold large laundry well. The size of device is about 0.7 meter square. The length of device is shorter than laundry like a trouser. Hence, the device couldn't fold laundry well.
The improved device can fold laundry better than previous device. The improved device is 1.2 meter length and 0.75 meter width. Moreover, it can fold laundry in three. In new device, laundry that has sleeve like a T-shirt is folded as shown in Fig. 6 . The laundry that has no sleeve is folded as shown in Fig. 7. 
Devices in the System
Devices which are operated by the system in carrying laundry process
There are three devices that are run carrying laundry process. First one is rotary hanger rack. It is rotated by the DC motor to move the laundry on the hanger rack. As a result, the laundry is carried to the lift as shown in Fig. 8 . We use this lift to carry the laundry with the hanger. The sensor attached lift and measures the distance between the arm of lift and the sensor. When the laundry moved there by the rotary hanger rack, the lift catches the hanger using the arm. There after the lift carry the laundry to folding laundry device part. In the middle of this process, the system captures the image of laundry using a web camera. After that, the system distinguishes whether the laundry has sleeve or not. We used raspberry pi and OpenCV library to distinguish laundry. After the lift carrying the laundry, the hanger mobile device as shown in Fig. 9 is operated. We use this device to move the laundry above the folding laundry device. When the laundry is carried by the lift, hanger mobile device catches the hanger using the arm and moves along the rail. The rail is laid above folding laundry device. In other words, the laundry is moved above folding laundry device to place on it. After that, the system run the folding laundry process. Step of folding instrument about laundry that has no sleeve.
Devices which are operated by the system in folding laundry process
In folding laundry process, the system controls folding laundry device behavior and it position. The folding laundry device consists of eight servo motor, one distance measuring sensor and Arduino. The servo motor is attached in panel of folding device as shown in Fig. 10 . Panels can fold laundry by rotating servo motor that attached each panel. Also the arm and distance measuring sensor are attached in the panel as shown in Fig. 11 . The sensor detects laundry that is moved by hanger mobile device. In Fig. 11 , when the laundry is moved to between the aluminum bar and the aluminum plate, the sensor detects the laundry. Thereafter, the arm of device is closed to fix laundry. As shown in Fig. 12 , the laundry is sandwiched between the aluminum bar and aluminum plate. After that, the laundry is stretched above the folding device. Thereafter, the hanger mobile device removes the hanger from laundry. As a result, the laundry is placed on folding device as shown in Fig. 13 . In the middle of this process, the folding device is raised by system to place laundry properly. The horizontal position of device is controlled by servo motor as shown in Fig. 14 . The folding device can move horizontal direction and fold laundry as shown in Fig. 6 and 7 . 
Experiment
We checked the performance of the folding laundry device that we have improved. We have made the device fold short-sleeved shirt, long-sleeved shirt, skirt three quarter length trouser. The size of clothes is shown as Table  1 .
Result of Experiment
The actual condition of the experiment is shown in Figs. 15, 16 , and 17. As a result of experiment, the system could fold each laundry. In fact, the folding device could fold not only three quarter trouser but also full length trouser. However, the system couldn't place the full length trouser on folding device correctly. The reason for it is that although the folding device can fold the trouser well, the height of folding part in the system is shorter than trouser length.
Conclusions
Although the folding device is improved and it can fold some kind of laundry, we must improve or developed other devices for the purpose of folding long length clothe. Future issue of our study is that we make the system so that it can fold large size of laundry. 
